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The authors present a procedure for modeling nonisothermal steady 
flow of a real gas in a pipe on an MNB-I analog computer. Specific 
results are presented. 

Calculations of noniso thermal  flows of a rea l  gas 
in pipes are of prac t ica l  in te res t  in de te rmin ing  zones 
of hydrat ion and hydrocarbon and water -vapor  con- 
densation,  in defining more  accura te ly  the mean  gas 
tempera ture ,  etc. As is well known [1], in general ,  
the steady noniso thermal  flow of a rea l  gas in pipes is 
descr ibed by a sys tem of equations of conservat ion of 
mass ,  l inear  momentum,  energy,  and state. If we 
introduce assumpt ions  that are  just if ied for subsonic 
veloci t ies  in long pipes [1] (variation of the velocity 
head and the difference between the bench marks  at the 
ends of the pipe can be ignored) and take the law of 
heat t r ans fe r  of the gas pipe with the a tmosphere  
through the ground in Newton's form, we can reduce 
the above-ment ioned equations to a sys tem of twonon-  
l inear  ord inary  different ial  equations [2]: 

dP ZT  
dx P ' 

T a Z ( O Z ) p +  dT b h (T  o - -T ) .  (1) 
dx P~ 

System (1) is nonl inear ;  therefore,  its solution in 
f inite analyt ic  form is obviously impossible  and we 
mus t  use  ei ther  approximate methods (for example, 
[2]) or analog techniques.  Fini te  r e su l t s  can be ob- 
tained on digital computers  with high accuracy,  but 
p repara t ion  of the problem often r equ i r e s  great  ex-  
pendi tures  of t ime and effort. Modeling methods can 
be successful ly  used to solve this problem.  With all 
of their  v isua l izabi l i ty  and ease in set t ing up a prob-  
lem,  analog devices have fa i r ly  high engineer ing  ac-  
curacy,  In the given case, the accuracy of the solution 
was es tabl ished by compar ing the r e su l t s  with n u m e r i -  
cal calculat ions.  

System (1) is reduced to d imens ion less  form for 
s impl ic i ty  of calculat ion and for convenience in model -  
ing the problem.  The compress ib i l i ty  of t h e g a s  is 
taken according to Ber thelot ' s  equation [3] Z = 1 + 
+(9/128) (i +6/T 2 )P/~" and the dimensionless variables 

are x = x/L, T = 10T/Ter , T0 = 10T0/Tcr, and P = 
= 10P/Pe r .  

dP ~ 54 1 9 

dZ ~' -~- + 1-Egg ~ ~ 128 

_ 1 d ~  @ 
dxd~ =18000 ~2 d~ 0 dx- --h~7'+hlTo, (3) 

where 

10 LaTer 9 R Kz~ LD 
u iCr ; O= ; hl -- 128 Cp cpG 

The c i reu i t  according to which sys tem (2) is set up 
on the analog computer is shown in Fig. 1. F rom it 
we set  up the maehine  (modeling) equation: 

PmYP 10 kak4 ~ -{- k2k~m 4 - -  kIk~Uo, 
cp ~~ 

1 1 
Pm ~ = 100 mksks(Pmq~) ,~-  --  

- -  k6ksPmr - -  ksk9 lp -k kTksUo. (2) 

Here, 99 and r are the voltages that model the pre~- 
sure and temperature, respectively; t is the machine 

time, which simulates the coordinate; Pm= d/dr is the 
differentiation operator; ki, .... k 9 are the transmission 

coefficients; U 0 is 100 V de; and m is the scale of the 
function 1/r 2 . 

We substitute into the machine equation the scale 
factors, which link the variables of the modeled and 
modeling systems of equations ml = P/99; m2 = ~'/r 

m 3 = X/t: 

1 
Fig. i. Diagram for solving system of differential 
equations des eribing steady motion of a real gas 

through a pipe: I, 2) adders; 3, 4)integratingunits; 
5, 6) multiplication-division units; 7) diode func- 

tion generator; 8) inverter. 
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- -  10 k3k, ~- 
dx tr~ma 

mmffn~ 1 ml 
k # 4 -  ~2 k l k 4 U o - - ,  

m8 trva 

dT 1 tnm~ 1 dP 
~ -  - 1 0 ~  ksk8 - -  m~ ~ d~ 

tn2 dR 
- -  kj~s 

m 1 d~ 

--ksk~ T + kTksUo ms m-? m--~ " ( 4 ) 

The identity of sys tems  (2) and (4) is de te rmined  by 
the following equations: 

m~ mmlm~ 54 
lOk3k4 m~m3 7; k~k4 r n ~ - -  1,2~ ~; 

telhUo ml _ 9 7; 
m3 128 

i mm~ m 2 
k s k s - -  =18000; k s k s - - = O ;  

100 ml ml 

ksk9 
= hi; kTksVo ~ = h17"o. 

rrl 3 m3 

This system de te rmines  all scale  factors  and t r a n s -  
mi s s ion  coefficients.  The factors  and coefficients that 
mus t  be assigned are chosen on the bas i s  of the spe-  
cific conditions of the problem and the cons t ra in t s  
imposed by the analog computer .  

Figure  2 shows the r e su l t s  of calculat ions on an 
MNB-1 analog computer  and on a BESM-2M digital 
computer .  The calculat ions were made for a gas main  
with the following pa ramete r s :  G = 100 kg/sec ,  P c r =  
= 44.9 �9 105 N/m 2, Tcr  = 190.6 ~ K, T O = 275 ~ K, X = 
= 0.012, K = 2.3 W/m2odeg, D = 0.7 m, L = 105 m, 
Cp= 2100 J / kg .deg ,  Pi = 53.9"106 N/m 2, a n d T  i =  
= 320 ~ K. 

The calculat ions on the BESM-2M were made by 
V. P. Radchenko by the Runge-Kut ta  method with a 
constant  step. The re su l t s  obtained on the MNB-1 dif-  
fer from those obtained on the BESM-2M by n o t m o r e  
than 1.0%. 

Thus, the accuracy of calculat ion in a problem of 
noniso thermal  gas flow on an analog computer  is suf-  
f icient  for engineer ing  applications.  The proposed 
method can, along with numer i ca l  and approximate 

P'fO 5 7" 

39 ~ 29O 
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Fig. 2. Dis t r ibut ion of gas p r e s s u r e  (N/m 2) and 
tempera ture  (~ along pipe: 1) calculated on 
MNB-1 analog computer;  2) on BESM-2Mdigi tal  

computer.  
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methods,  be used to calculate the nonisothermal  motion 
of r ea l  gas in pipes. 

NOTATION 

P is the pressure; T is the gas temperature; T o is 
the ground temperature at the depth of tube axis; Z is 
the gas compressibility coefficient; a, b, and h are the 

constant coefficients; G is the mass flow rate; D and f 
are the diameter and cross-sectional area of tube; L 

is the length of gaspipe; k is the hydraulic resistance 
coefficient; K is the heat-transfer coefficient; Cp is the 
heat capacity of gas at constant pressure; Ter is the 

critical temperature; Pcr is the critical pressure; R 
is the gas constant. 
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